HPLC is still the technique of choice for the analysis and characterization of phytoplankton pigments. In this chapter we describe procedures for sample preparation and pigment extraction, and the use of octyl silica columns and pyridinecontaining mobile phases to separate chlorophylls and carotenoids. The identification of pigments on the basis of their retention times and visible spectra, the preparation of pigment standards and the quantitative analysis by either external or internal standard procedures are also described.
Introduction
The analysis of photosynthetic pigments has become a source of essential information for studies of the physiology and ecology of marine microalgae. Examples of applications of detailed pigment information include the study of changes in natural plankton populations (associated for example with climate change), the groundtruthing of satellite derived algal biomass estimations, the photosynthetic responses to the changing aquatic light environment, or the trophic transfer from primary producers.
The photosynthetic pigments of algae belong to three chemical families:
phycobiliproteins, carotenoids and chlorophylls (Chls) (1). Whereas phycobiliproteins are water-soluble, carotenoids and Chls are lipid-soluble. Most of the time, the term "phytoplankton pigment analysis" refers to the joint analysis of chlorophylls and carotenoids, because both types of compounds occur in all photosynthetic algae, they are easily extracted into organic solvents and can be detected with high sensitivity in the visible range.
Chls and carotenoids are present in different algal taxa with variable degrees of specificity: some of them occur in several algal classes whereas others are restricted to one or only a few algal groups, making them unambiguous chemotaxonomic markers.
Liquid chromatography is the method of choice for the analysis of algal Chls and carotenoids. The analysis of complex algal pigment extracts, especially those derived from phytoplankton samples from natural waters, still constitute a challenge for chromatographic techniques. Algal Chls and carotenoids span a wide range of 3 polarities in which some of them only differ by small structural features (in some cases, only the position of a double bond).
An excellent short course on phytoplankton pigments analysis is available on internet (2), but for those readers interested either in broad knowledge on pigment biology or in detailed information on their analysis, a recent and comprehensive monograph is strongly recommended (3). That book, together with the preceding one (4), cover most aspects in pigment characterization, chemotaxonomy and applications in oceanography. The latest advances in chromatographic analysis of algal pigments have been recently reviewed (5). In this chapter we describe a specific protocol for the analysis of algal pigments based on that proposed by Zapata et al. (6). Other protocols exist (e.g. the one developed by Van Heukelem and Thomas (7)) but here we describe the one we are most familiar with. The advantages and disadvantages of these and other alternative methods have been discussed elsewhere (1,8).
Materials

Sample preparation
1. Sampling: Seawater is filtered on glass fibre filters (GF/F type, nominal pore size 0.7 m). A regulated vacuum pump is needed (see Note 1).
2. Pigment extraction solvent: Prepare extraction solvent by either mixing 9 volumes of acetone with 1 volume of water or by mixing 9.5 volumes of methanol (MeOH) with 0.5 volumes of water (see Note 2). Use graduate cylinders and HPLC grade solvents.
3. Extraction: Use Pyrex® screw cap glass tubes with polytetra-fluoroethylene (PTFE) lined caps. A centrifuge and a probe sonicator or an ultrasonic bath can be necessary, 4 depending on the extraction procedure (see 3.1.2 and Note 2). Use PTFE syringe filters with 0.22 m pore size to clarify extracts before injection in the HPLC system.
Chromatographic equipment
1. Pumps: A pumping system able to deliver at least binary gradients is needed. This can be achieved either with a high pressure mixing system, or with a four-solvent, lowpressure mixing gradient pump.
2. Detection: A diode-array detector is essential for pigment characterization, especially in natural waters samples. Fluorescence detection (very sensitive and selective towards Chls) can be used in addition to diode-array.
Columns
1. Octylsilica (C 8 ) stationary phases with particle size 3.5 m or less should be used, packed in columns of 150 mm × 4.6 mm. Table 1 .
Solvents
If a quaternary low-pressure mixing system is available there is no need to prepare mixed eluents. Place each solvent in an eluent line. Set flow rate at 1 mL.min -1 .
Program the gradient profile according to Table 2 (see Note 7). 7. When using gradients with high-pressure or low-pressure mixing systems some differences in retention times can be observed that are caused by the different "dwell volume" (the volume between the point of mixing and the column) in the two systems (in gradient elution, the actual composition in the gradient program is delayed in reaching the column, because it has to pass through the dwell volume). Retention times will be higher on low-pressure systems that normally have larger dwell volumes.
In consequence, changes in gradient profiles and/or eluent composition can be necessary to adjust retention and resolution with different HPLC systems (6).
8. The amount of water used to achieve the retention of pigment fractions in the solid phase extraction cartridge can vary depending on the compound and the composition of the solvent in which it is eluted from the preparative fraction. In some cases excess water causes the pigment to pass unretained through the cartridge due to the formation of micelles. If this is observed, a reduction in water content can promote retention.
9. This procedure can also be used for the preparative isolation of unknown pigments for further characterization by structural techniques (mass spectrometry, nuclear magnetic resonance), but the co-occurrence of non absorbing lipids usually requires additional purification.
10. Check homogeneity of spectrum at least at mid-upslope, top and mid-downslope of each peak.
11. Different elution can be achieved by changing the stationary phase. Polymeric octadecylsilica columns (e.g. Vydac TP, The Separations Group, Hesperia, California, USA) can be used for this purpose (8).
12. Spectral checking in different regions of the peak does not always ensure peak purity. This can be the case if the impurity appears at very low concentration, if the spectrum of the impurity is very similar to that of the main pigment in the peak or if a total coelution (identical retention profile) happens.
13. At 435 nm most pigments are detected, except pheophytin a, pheophorbide a and their derivatives; 470 nm excludes Chl a derivatives from the chromatogram; and 665 nm detects only Chl a, pheophytin a, pheophorbide a and their derivatives.
14. Extraction and injection volumes are not included in the equation. 
